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II. " On Electrical Motions in a Spherical Conductor." By
T his p ap er tre a ts of th e m otions of electricity produced in a spherical conductor by any electric or m agnetic operations outside it. T he in vestigation was undertaken some tim e ago in illustration of M axw ell's theory of electricity. This theory is so rem arkable, more especially in th e p a rt w hich it assigns to dielectric m edia in the propagation of electro-m agnetic effects, th a t i t seemed w orth w hile to attack some problem in w hich all th e details of the electrical pro cesses could be su b m itted to calculation, alth o u g h i t w as evident 1883.3
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beforehand from th e researches of H elm holtz* a n d others th a t th e results (so fa r as th ey are peculiar to th e theory) w ould be of fa r too subtle a character to ad m it of com parison w ith experim ent. In studying th e m athem atical ch a ra c te r of th e problem s above sta te d I was led to a ce rtain system of formulae, w hich I have since utilised in two com m unications to th e L ondon M athem atical S ociety,f an d w hich seem likely to be of use in a g re a t v arie ty of physical questions. The first section consists m ainly of a re cital of th e fu n d am en tal equations an d of th e conditions to be satisfied a t th e surface of a conductor. I t is assum ed, in th e first instance, th a t th e m agnetic susceptibility of th e conductor is zero.
In § 2 is in tro d u ced th e assum ption th a t all o u r functions v ary as eKt, w here t is th e tim e, an d X a constant. I t is p o in ted o u t th a t th is assum ption is sufficiently general. T h e fu n d a m e n ta l equations are then p u t in to a m ath em atica lly convenient form . Before, how ever, proceeding to apply these equations as th e y stand, I exam ine th e effect of assum ing th a t th e velocity ( v) of propaga effects in the m edium su rro u n d in g th e conductor is p ractically infinite. This assum ption, w hich has been m ade by all w riters (in clu d in g Maxwell him self) w ho have applied M axw ell's th eo ry to o rdinary electro-m agnetic phenom ena, g re atly sim plifies th e calculations w ith out sensibly im p airin g th e p ra ctical value of th e results. I f L s ta n d for a linear dim ension of th e co n d u cto r an d p for its specific re sist ance, i t w ill ap p ear in th e sequel t h a t w hen, as in all p ra c tic a l cases, X is sm all as com pared w ith v/Jj, th e erro r in tro tion in question is of th e o rd er \p/v%. F o r a n y o rd in ary m etallic conductor., an d fo r an y v alue of X w hich can be ap p reciated ex p eri m entally, th is fractio n is excessively m inute. In § 3 th e solutions of o u r equations (on th e assum ption above indicated) are given in th e form ap p ro p riate to o u r presentproblem. These solutions are of tw o d istin c t types. Those of th e first type, w hich are m uch th e m ore im p o rta n t from an experim ental point of view, have ( I find) been discussed, th o u g h by a different m ethod, b y P ro fesso r C. N iven, in a p ap e r recently published. J As the points to w hich atte n tio n has been d irected are for th e m ost p a rt sufficiently d istin ct in th e tw o investigations, I have allow ed th e corresponding portions of m y paper to stan d .
In § 4 I discuss th e case of electric cu rren ts sta rte d anyhow in th e sphere, an d le ft to them selves. T he equation w hich gives th e moduli of th e n a tu ra l modes of decay of th e first type agrees w ith th e re su lt obtained by P rofessor N iven.
In § 5 is studied th e ease of induced currents. Since any disturb ance in th e field (however arbitrary) can be expressed, as regards the time, by a series of sim ple harm onic term s, it is sufficient to consider th e case w hen th e variations in the inducing system follow the simple harm onic law. T his case has, moreover, acquired a special interest since th e invention of th e telephone. The two extrem e cases, where th e period of th e variation in the field is very large or very small in comparison w ith the tim e of decay of free currents in the sphere, are discussed in some detail.
In § 6 th e case of a th in spherical shell is briefly examined.
I next proceed to investigate w hat modifications m ust be introduced into th e m ethods and the results of the preceding sections when the substance of th e sphere is susceptible of m agnetisation. This occupies § §7, 8, 9, 10.
In the rem aining sections of the paper I investigate the solution of our fundam ental equations, tak in g account of the finite value of v.
T he corrections to our form er results are of most in terest in the solutions of th e second type. A lthough th e preceding theory, based on th e assum ption v = o o , is sufficient for all purposes of compa rison w ith experim ent, th ere are certain processes of (a t all events) theoretical in terest of w hich it fails altogether to give an account, viz., all those cases in w hich any change in the superficial electrifica tion of th e sphere takes place. F or th e expression of these the solutions of the second type are appropriate. There is no difficulty in w orking out the requisite formulae, b u t in the application to the case of free m otion a difficulty of in terp retatio n arises, w hich is noticed in th e proper place.
III. " Observations on the Colouring-matters of the so-called Bile of Invertebrates, on those of the Bile of Vertebrates, and on some unusual Urine Pigments, &c." By Ch a r l e s A. (A bstract.)
In this paper th e resu lt of a system atic exam ination of the bile and various extracts of the livers of Mollusca and A rthropoda, and of the pyloric or radial cseca and other appendages of th e digestive system of Echinoderm ata is described. The universal distribution of one colouring-m atter, w hich by appropriate experim ents is1 shown to be a chlorophyll pigm ent, is proved. I t occurs in the above organs and can be detected in th e bile of specimens of Helix after a six m onths' f a s t;
